(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
19 January 2006 (19.01.2006) 




PCT 



(10) International Publication Number 

WO 2006/006040 A2 



(51) International Patent Classification 7 : C07D 501/20, 

. -501A6//IC07D 50i/2l?. 501:20, C07C 211:10) 

(21) International Application Number: 

PCT/IB2005/001888 

(22) International Filing Date: 4 July 2005 (04.07.2005) 



(25) Filing Language: 

(26) Publication Language: 

(30) Priority Data: 
6WCIIE/2004 



English 
English 

5 Julv 2004 <05.07.20<W TN 



(71) Applicant (for all designated States except US): ORCHID 
CHEMICALS & PHARMACEUTICALS LIMITED 
[IN/IN]; Orchid Towers, 313, Valluvar Kottam High Road, 
Nungambakkam, Chennai 600 034 (IN). 

(71) Applicants and 

(72) Inventors: SENTHILKUMAR, Udayampalayam, 
Palanlsamy [TN/TN]; R&D Center, Plot No. 476/14 
Old Mahabalipuram Road, Sholinganallur, Chennai 600 
119 (TN). LAKSHMTPATHI, Vcnu, Sanjccvl [IN/IN]; 
R&D Center, Plot No. 476714 Old Mahabalipuram 
Road, Sholinganallur, Chennai 600 119 (IN). ANDREW, 
Cnanaprakasam [IN/IN]; R&D Center, Plot No. 476/14 
Old Mahabalipuram Road, Sholinganallur, Chennai 600 
119 (IN). CHANDRASEKARAN, Ramasubbu [IN/IN]; 
R&D Center, Plot No. 476/14 Old Mahabalipuram Road, 
Shobnganallur, Chennai 600 119 (IN). NAGENDER 
RAO, Dindigala RN/IN1; R&D Center, Plot No. 476/14 
Old Mahabalipuram Road, Sholinganallur, Checnai 600 
119 (IN). 



(72) Inventor; and 

(75) Inventor/Applicant (for US only): OM REDDY, Gad- 
dam [IN/IN]; R&D Center, Plot No. 476/14 Old Maha- 
balipuram Road, Sholinganallur, Chennai 600 119 (IN). 

(81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 
AT, AU, AZ, BA, BB, BG, BR, B W, BY, BZ, CA, CII, CN, 
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, 
GB, GD, GE, Gil, GM, 1IR, IIU, ID, IL, IN, IS, JP, KE, 
KG, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, 
MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO, NZ, 
OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, 
SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, 
VN, YU, ZA, ZM, ZW. 

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARTPO (BW, GH, 
GM, KR, 1£, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, 
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FT, 
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT, 
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, G A, 
GN, GQ, GW, ML, MR, NE, SN, TO, TG). 

Declaration under Rule 4.17: 

— of inventorship (Rule 4.17(iv)) for US only 

Published: 

— without international search report and to he republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: NEWS SALTS IN THE PREPARATION OF CEPHALOSPORIN ANTIBIOTICS 



(57) Abstract: The present invention relates to an improved process for the preparation of cephalosporin antibiotics of formula (I). 
The present invention also provides new salts of compound of formula (II) and a process for the preparation of these new salts, where 
n = 0.5 to 2. The present invention also provides a process for the preparation of compound of formula (I) using the new salts of 
formula (II). 



< 



O 



WO 204)6/006040 



1 



PCT/IB2005/001888 



NEW SALTS IN THE PREPARATION OF CEPHALOSPORIN ANTIBIOTICS 

Field of the Invention 

The present invention relates to an improved process for the preparation of 
cephalosporin antibiotics of formula (T) 

HR2 

R1— CO-N ! 




(I) 

wherein R represents hydrogen pharmaceutical^ acceptable alkali metal salts, or 
phaxmaceutically acceptable esters, 
Ri represents 




R„CL s HO 




COOZ CH 



3 



R4 represents hydrogen or -CHO group; R5 represents hydrogen, trityl, CH 3 ; 
CRaRbCOORc where Ra and R& independently represent hydrogen or methyl and R* 
represents hydrogen or (Ci-C6)alkyl; Z represents hydrogen, C 1^ alkyl, and 
substituted or unsubstituted aryl; R 2 represents hydrogen or methoxy group; R 3 
represents hydrogen, -CH 3 , -CH 2 OCOCH 3 , -CH=CH 2 , -CH 2 -0-CO-NH 2 , 
-CH=CH-CH3 or a group represented by 
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-avs\r^o . — afe-s-c^^ ^ -ch 2 s-4 n ,n 




"TSr^ so 9 h 



The present invention also provides new salts of compound of 

formula (II) 



>' v \r- hR2 

R1— CO-Nj ^s, 

nM 



R3 
COOH 

(II) 

where n = 0.5 to 2 

wherin R b R 2 and R 3 are defined as above and M represents the compound of 
formula (HI) 

i 6 

R6 A R7 (HQ 

wherein R$, R 7 may be identical or different and are each, independently of one 
another, represent a linear or branched alkyl having from 1 to 8 carbon atoms or 

• * ■ 

together with the C atom to which they are bound form a 3- to 8- membered 
saturated ring which may be further substituted or substituted aryl ring; 



The present invention also provides a process for the preparation of compound of 
formula (I) using the new salts of formula (II). 
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Background of the Invention 

US patent No. 6,350,869 discloses the purification of impure cefdinir 
through the preparation of N,N-dicyclohexylamine salt of 7- [2-aminothiazol-4-yl-2- 
(z)-hydroxyimino acetamido]-3-vinyl-3-cephem-4-carboxylic acid and subsequent 
hydrolysis to get pure cefdinir. This process requires the preparation of crude 
cefdinir, conversion to N,N-dicyclohexylamine salt and then hydrolysis of the salt 
to get pure cefdinir, and therefore the overall yield is not attractive. 

US patent 5,705,496 discloses a process for preparing the benzathine salt of 
Cefonicid which comprises treating an aqueous solution or suspension of Cefonicid 
with an organic solvent and N,NMibenzylethylenediamine. 

US patent 5,026,843 discloses the process for the preparation of Ceftriaxone 
disodium hemiheptahydrate involving condensing 7-ACT with MAEM. The 
product formed is precipitated by using dibenzylethylenediamine and subsequently 
is treated with sodium ethylhexanoate in acetone. 

In order to get rid of impurities and isolating the product from aqueous 
medium, all these prior art references used different kind of amine salt with 
cephem-4-carboxylic acid derivatives. But none of the processes gave desired yield 
and quantity. 

In continuation of our research, for developing new and efficient processes 
for making cephlosporins, we have found new salts of formula (II) arid its use in the 
preparation of cephalosporin antibiotics of the formula (T) with minimum impurities 
in high yield. 
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Objectives of the Invention 

The main objective of the present invention is to provide new salts of 
compound of formula (II), which are stable throughout the process for the 
preparation of cephalosporin antibiotics of the formula (I). 

Another objective of the present invention is to provide a process for the 
preparation of cephalosporin antibiotics of formula (I) using these new salts. 

Another objective of the present invention is to prepare cephalosporin 
antibiotics of formula (I) that are highly pure, high yielding and cost effective, 
which would be easy to implement on manufacturing scale. 

Still another objective of the present invention is to provide a process for the 
preparation of new salts of formula (II). 



Summary of the Invention 

Accordingly, the present invention provides new salts of the compound of 
formula (II), 

R1— CO-N! s 



. nM 

R3 
COOH 



(II) 

where n= 0.5 to 2 

wherein Ri, R 2 , R3 are as defined above; and M represents the compound of formula 

on), 

X. 

R6 R7 

(in) 
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wherein R$, R7 may be identical or different and are each, independently of one 
another, represent a linear or branched alkyl having from 1 to 8 carbon atoms or 
together with the C atom to which they are bound form a 3- to 8- membered 
saturated ring which may be further substituted or substituted aryl rir:^: 

Another embodiment of the present invention is to provide a process for the 
preparation of compound of the formula (I), which comprises 

i) condensing the compound of the formula (TV) or its salts or its trimethylsilyl 
esters with compound of formula (V) wherein Y is a group which forms a basis that 
a compound of formula (V) is in a reactive form ; including halogen , a group which 
*brms together with the -C=0 group to which Y is attached an motive. , ester, 
thioester, and a group which forms together with the -0=0 group to which Y is 
attached a mixed anhydride in the presence or absence of a base and solvent to 
produce compound of formula (VI), 

ii) treating the compound of formula (VI) with compound of formula (EI) to 
produce the compound of formula (II), and 

iii) treating the compound of formula (II) either with an acid or with sodium 
exchanging reagent to produce the compound of formula (I). 

The process is shown in the Scheme-I 




Scheme-I 
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Detailed description of the invention 

In an embodiment of the present invention, the base used in step (i) is 
selected from sodium hydroxide, sodium acetate, potassium hydroxide, ammonium . . 
hydroxide, sodium carbonate, potassium carbonate, sodium bicarbonate 
triethylamine, trimethylamine, N-methylpiperidine, diethylamine, iributylamine, 
pyridine, N-alkylanilines, N,N-diisopropylethylamine N-methylmorpholine, and the 
like or mixtures thereof. 

In another embodiment of the present invention the reaction in step (i) is 

carried out at a temperature ranging from -50°C to + 80°C. 

In an another embodiment of the present invention, the solvent used in step 

(i) is selected from ethanol, methanol, isopropanol, THF, cyclohexanol, acetonitrile, 
DMAc, DMF, N-methyl pyrrolidine, ethyl acetate, methylene dichloride, ethylene 
dichloride, acetone, toluene, tetrahydrofuran, xylene, water or mixtures thereof. 

In yet another embodiment of the present invention, Y is a group which 
forms a basis that a compound of formula (V) is in a reactive form; including 
chlorine, bromine, fluorine and iodine, a group which forms together with the-C=0 
group to which Y is attached an active ester, thioester, and a group which forms 
together with the -C=0 group to which Y is attached a mixed anhydride. Illustrative 
example of those active esters includes benzothiazole, benzoxazole, benzotriazole 
or benzimidazole. 

In yet another embodiment of the present' invention, M is selected from 
N,N'-Diisobutylethylenediamine, N,N'-Dicyclohexyllethylenediamine or N,N'- Di- 
(p-anisyl)lethylenediamine, NjN'-Dicyclopentylethylenediamine and N,N'- (p- 
tolyl)lethylenediamine . 

In yet another embodiment of the present invention, the solvent used in step 

(ii) is selected from ethanol, methanol, isopropanol, acetonitrile, acetone, 
ethylacetate, THF. DMAc, DMF, .water or mixtures thereof. 
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In still another embodiment of the present invention the acid employed in 
step (iii) is selected from HC1, sulfuric acid, formic acid, acetic acid, perchloric 
acid, benzenesulfonic acid, p-toluenesulfonic acid, naphthalenesulfonic acid, 
methanesulfonic acid, trifluoro acetic acid, UBK530 resin, cationic exchange resin 
or mixtures thereof. 

In still another embodiment of the present invention, wherein the sodium 
exchanging reagent is selected from sodium acetate, sodium citrate, sodium lactate, 
sodium ethylacetoacetate and sodium 2-ethylhexanoate and the solvent used for 
dissolving the reagent is selected from ethanol, methanol, isopropanol, acetonitrile, 

« 

v*fkyl acetate, acetone, water or mixtures thereof. 

In another embodiment of the present invention the novel salts prepared in 
accordance with this invention is useful in the isolation of cephalosporin antibiotics 
such as Cefonicid ,Cefdinir ,Cefoxitin,Cefditoren,Cefixime ,Cefepime in pure and 
good yield 

In one more embodiment of the present invention the starting material of 
formula (IV) is prepared by utilizing the scheme available in the prior art. 

The present invention is illustrated with the following examples, which 
should not be construed as limiting to the scope of the invention. 
Example 1 
Step-(i) 

NjN'-Diisobutylethylenediamine salt of 7-D-mandelamido-3-(((l- 

sulfomethyl-ifl-tetrazol-5-yl)thio)methyl)-3-cephem-4-carboxylic 

acid 

7-amkcH3-(l-sulfomethyl-lH-teti^ acid 
(5 g) was dissolved in water (19 ml) using 30% w/w sodium hydroxide (1.5 g in 8 
ml water) and sodium bicarbonate (1 g), O-formylmandeloyl chloride (2.45 g) was 
ftHded 9 f 0r5°C and. maintained T at 5-10°C over a period of 1-2 hours. After the 
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completion of reaction, the reaction mixture was acidified with cone. HQ (2.6 g) 
and maintained the reaction at 28-30°C for about 2-3 hrs, sodium bicarbonate (~ 3.5 
g) was added to set the pH 5±1 and the reaction mass solution was added to a 
solution of N,N 5 -diisobutylethylenediamirie diacetate (£.2 g) m< water ;{40- rnL) and 
isopropyl alcohol (40 mL) and stirred well at 25-30°C for about 2-3 hours. The 
reaction mixture was cooled to 5-10°C, filtered, washed with chilled water (0-5°C) 
followed by isopropyl alcohol (0-5 °C) and dried the material at ~ 40°C to get 
NjN'-diisobutylethylenediamine salt of 7-D-mandelamido-3-((( 1 -sulfomethyl- 1 H- 
tetrazol-5-yl)thio)methyl)-3-cephem-4-carboxylic acid (5.5 g). 

7-D-Mandelamido-3-(((l-sulfoinethyl-lH-tetrazol-5- 
yl)thio)methvlV3"Cephem-4^arboxvlic acid, sodium salt 

N,N'-diisobutylethylenediamine salt of 7-D-mandelamido-3 -((( 1 -sulfomethyl- 1 H- 
tetrazol-5-yl)thio)methyl)-3-cephem-4-carboxylic acid (2.0 g) was charged into a 
mixture of isopropyl alcohol (20 mL) and acetone (4 mL) followed by UBK-530 
resin (5 g) and stirred the reaction mixture for 2-4 hours at 25-30"C. The reaction 
mixture was filtered and washed the resin using acetone(10 mL). To the clear 
filtrate, a solution of sodium 2-ethylhexanoate (1.0 g in 5 ml acetone) was added at 
25-30°C, stirred for 1 hour, filtered, washed with acetone, and dried the material 
under vacuum to yield 7-D-mandelamido-3-(((l-sulfomethyl-lH-tetrazol-5- 
yl)thio)methyl)-3-cephem-4-carboxylic acid, sodium salt (1.4 g). 

Example 2: 
Step-ffl 

NJNF-Dicvclohexvlethvlenediamine salt of 7-D-mandelamido-3-((fl- 
sutfomethvl-iJJ-tetn^ acid 
7-aini no-3-(sulfomethvl-lH-tetrazol-5-vDtiuomethvl-3-cephem-4-carboxvlic acid 
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(5 g), was dissolved in water (19 ml) using 30% w/w sodium hydroxide (1 .5 g in 8 
ml water) and sodium bicarbonate (1 g), O-fonnylmandeloyl chloride (2.45 g) was 
added at 0-5°C and maintained at 5-10°C over a period of 1-2 hours. After the 
completion of reaction, the reaction mixture was acidified with oonc. -HCI (2.6 g) 
and maintained the reaction at 28-30'C for about 2-3 hours. After the completion 
of reaction, sodium bicarbonate (~ 3.5 g) was added to set the pH 5+1 and the 
solution was added to a solution of N,N'-dicyclohexylethylenediamine diacetate 
(926 g) in water (40 mL) and isopropyl alcohol (40 mL) and stirred well at 25-30°C 
for about 2-3 hours. The reaction mixture was cooled to 5-10 °C, filtered, washed 
v/ith chilled water (0-5°C) and isopropyl alcohol (Q~5°C) and dried the material, 
under vacuum at ~40°C to get N,N'-dicyclohexylethylenediamine salt of 7-D- 

* 

mandelamido-3-(l-sulfomethyl-lH-teti^ol-5-yl)thio)methyl)-3-cephem-4- 

«■ 

caiboxylic acid (6.5 g). 
Step-fu) 

7-D-Mandelamido-3^((l-sulfo 
4-carboxvlic acid, sodium salt 

N,N'-dicyclohexylethylenediamine salt of 7-D-mandelamido-3-(((l-sulfomethyl- 
lH-tetrazol-5-yl)thio)methyl)-3-cephem-4-carboxylic acid (2.0 g) was charged into 
a mixture of isopropyl alcohol (20 mL) and acetone (4 mL) followed by UBK-530 
resin (5 g) at 25-30°C and stirred for 2-4 hours , filtered the reaction mass and 
washed the resin with acetone (10 ml^. rTa tffe fflliate, a solution of sodium 2- 
ethylhexanoate (0.97 g in 5 ml acetone) was added at 25-30°C and stirred for about 
1 hour, filtered, washed with acetone, and dried the material under vacuum to yield 
7-D-mandelamido-3-((( 1 -sulfomethyl- 1 H-tetrazol-5 -vMiiolmethyl V 3 -cephem-4- 
carboxylic acid, sodium salt (1.4 g). 
Example 3; 
SteR(t) 

* 
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NjN^Di'fp-anisynethvlenedianiliie salt of 7-D-mandelamido-3-(((l- 
sntfomethvl-iiJ-tetrazo^ acid 

7-amino-3 -(1 -sulfomethyMH-tefa^ acid 
(5 g) was dissolved in water (19 ml) using 30% w/w sodium hydroxide (1 .5 g in 
8 ml water) and sodium bicarbonate (1 g), O-formylmandeloyl chloride (2.45 g) 
was added at 0-5°C and maintained at 5-10°C over a period of 1-2 hours. After the 
completion of reaction , the reaction mixture was acidified with cone. HC1 (2.6 g) 
and maintained under stirring at 28-30°C over 2-3 hours. After the completion of 
. taction, sodium bicarbonate (~ 3.5 g) was added to-Fet tfcs pH..5±lv The solution 
was added to a solution of N,N'-di-(p-anisyl)ethylenediamine diacetate (11.7 g) in 
water (40 mL) and isopropyl alcohol (40 mL) and stirred well at 25-30 °C. After 

* 

stirring for 2-3 hours, the reaction mixture was cooled to 5-10°C, filtered, washed 
with chilled water (0-5 °C) and isopropyl alcohol (0-5 °C) and dried the material 
under vacuum at ~ 40°C to get N,N'-di-(p-anisyl)ethylenediamine salt of 7-D- 
mandelamido-3-((( 1 -sulfomethyl- 1 H-tetrazol-5-yl)thio)methyl)-3 -cephem-4- 
carboxylic acid (6.4 g). 
Step~(ii) 

7-D-Mandelamido-3-( ( ( l-sulfomethyHH-tetra2oi-5-yDthio)methyl)-3-cephem- 
4-carboxylic acid, sodium salt 

N,N'-di-(p-anisyl)ethylenediamine salt of 7-D-mandelamido-3 -((( 1 -sulfomethyl- 
lH-tetrazol-5-yl)thio)methyl)-3-cephem-4-carboxylic acid (2.0 g) was charged into 
a mixture of isopropyl alcohol (20 mL) and acetone (4 mL) followed by UBK-530 
resin (5 g) at 25-30'C and stirred for 2-4 hours. The reaction mixture was filtered, 
washed with acetone (10 mL). To the filtrate, a solution of sodium 2- 
ethylhexanoate (0.86 g in 5 ml acetone) was added at 25-3 0°C, stirred for 1 hour, 
Altered, waiiied wiilr acetone, and dried the material under vacuum to yield 7-D- 
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mandelamido-3-(((l -sulfo^ 
carboxylic acid, sodium salt(1.5g). 
Example;4 

Preparation of N^N^dicvclohexylethane-l^-diammoniam 7B-f2-(2-amino-4- 
thia2Plyiy2-(Z-trityloxvlmino)acet^ 

7-amino-3 -vinyl-3 - cephem-4-carboxylic acid (10 gm) was taken in a mixture of 
tetrahydrofuran (60 ml) and water (5 ml), triethylamine (9.0 gm) was added drop- 
wise at 20±2 °C over 30-45 minutes. 2-mercaptobenzothiazolyl (Z)-(2- 
aminothia2X)l-4-yl)-2-(trityloxyimino)acetate (26 gm) was added -to fee .cl^sr 
solution and the resulting mixture was stirred at 32±2. °C for 4-6 hours. After 
completion of the reaction, the reaction mixture was cooled to 20±2 °C, ethyl 
acetate (200 ml) and water (250 ml) were added and stirred for 10 min. The pH of 
the reaction mixture was adjusted to 3.50-4.00 by 1:1 HC1 (20.0 ml) in 30 min. The 
layers were separated; ethyl acetate layer was washed with 20% sodium chloride 
solution (20 g of NaCl in 100 ml of water) and separated. The ethyl acetate layer 
was added dropwise in 20 min at 32±2 °C to a solution of N,N*-dicyclohexylethane- 
1,2-diamine in a mixture of acetonitrile (300 ml) and methanol (50 ml) and stirred 
for 25 min. The resulting slurry was filtered, washed with acetonitrile (100 ml) and 
dried at 30-35 °C under vacuum to obtain N,N'-dicyclohexylethane-l,2- 
diammonium 7(3-[2-(2-ainino-4T^azolyl)-2-(Z^ 
3-cephem-4-carboxylate (30.1 gm, HPLC Purity 93.74 %) 
Step-ii 

Preparation of N,N'-dicyclohexylethane-l,2-diaminonium 7P-[2-(2-amino-4- 
thiazolyl)-2-(Zrhydroxyimmo) 

from N^'-dicyclohexylethane-l,2-diammoDium 7P-[2-(2-amino-4-thiazolyl)-2- 
(Z-trifyloxyiramo) acetamidol-3-vinyl-3-cephem-4-carboxylate 
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4 

A mixture of NjN'-dicyclohexylethane-l^-diammoiiium 7(3-[2-(2-amino-4- 
thiazolyl)-2-(Z»trityloxyiiiuno) acetamido]-3-vinyl-3-cephem-4-carboxylate (50 
gm) and 2.5 gm of activated carbon was added to •>!* mixture of ^acetonitrile (150 ml) 
and water (21 ml) and heated to 50 °C. The reaction mixture was heated to 60-62 °C 
in 20 minutes, hydrochloric acid (34 ml, 1 : 1 v/v) and maintained at this temperature 
for 35 minutes. At 36 th minute 300 ml of chilled 1;1 mixture of acetone and 
isopropanol having temperature -1 5 °C was added to the reaction mixture to reduce 
the temperature to 30-35 °C. The carbon was filtered and the carbon bed was 
washed with acetone (100 ml). A methat:olie solution %f N^Nr-dicycloh^cylethaae 
1,2-diamine (10 gm in 25 ml of methanol) was added to the filtrate dropwise over 
30 minutes to adjust the pH of the solution to 6.5 -6.75 at 35 °C and stirred for 30 
minutes. The resulting slurry was stirred for 15 - 20 minutes at 33-35 °C, cooled to 
25 °C, and stirred for 30 minutes. The product thus obtained was filtered, washed 

■ 

with 100 ml of acetone and dried at 35°C under vacuum for 3-4 hours to get the 
40.0 gm of NJM'-dicyclohexylethane-l,2-diammonium 7p-[2-(2-amino-4- 
ttaa2»lyl)-2-(Z-hydroxyiim (HPLC 
purity < 98%). 

Step-Hi 

Preparation of 7-[[(2-ammptM acetyl] amino-3- 

vinyI-3-cephem-4-carboxylic acid from NjN'-dicyclohexylethane-l^- 
diammonium 7P-[2-(2-amino-4-thiazolyl)-2-(2^hydroxyimino)acetamido]-3- 
vinyI-3-cephem-4-carboxylate 

N,N'-dicyclohexylethane-l^diammonium 7P-[2-(2-amino-4-thiazolyl)- 
2-(Z-hydroxyimino)acetamido]-3-vinyI-3-cephem-4-carboxylate (20 gm) was 
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added to a solution of acetone 80 ml in water 600 ml at 32-36 °C, dissolved by 
hydrochloric acid (25 ml) at pH 1.25 to 1.75 in 5-10 minutes, and adjust the pH 
to 5-4-5-6 by ammonia (15 ml 15%). The aqueous solution was treated with 
carbon and EDTA at 30-34 °C for ttis^GitftMii w&s Altered, washed with 
water (80 ml) and the pH was adjusted to 2,5-2.6 by 20% sulphuric acid cooled 
to 25-27 °C. After 30 minutes being stirred, the product was filtered, washed 
with 50 ml of cold-water, followed by acetone (25 ml) and dried in air at 28-32 
°C for 3-5 hrs to get 7.95 gm of 7-[I(2-aminothiazol-4-yI)-(z)(hydroxyimino)] 
acetyl] amino-3-vinyl-3-cephem-4-carboxylic acid [HPLC quality >99.0 %]. 
Example:5 

Preparation of NJS'-dicyclohexylethane-l,2-diammonium 7p-I2-(2-amino-4- 

thiazolyl)-2-(Z-hydroxyimino)acetamido]-3-vinyl-3-cephem-4-carboxyla 

from potassium 7p-[2-(2-amino-4-thiazolyl)-2-(Z-trityloxyimino)acetamido]-3- 

vinyl-3-cephem-4-carboxylate 

A mixture of 50 gm of potassium 7-[[2-(2-aminothiazol-4-yl)-(z)-2- 
(trityloxyimmo)]acetyl]am^ and carbon (2.5 gm) 

was added to a mixture of acetone 55 ml and water 21 ml and heated to 50 °C. The 
reaction mixture was heated to 60-62 °C in 20 minutes, hydrochloric acid (34 ml, 
l:lv/v) and maintained at 65-67 °C for 35 minutes. At 36 th minute, a 1:1 mixture of 
400 ml of acetone and isopropanol having temperature -15 °C was added to the 
reaction mixture WreI5b¥^ 30-35 °C. The carbon was filtered and 

the carbon bed was washed with acetone (100 ml). A methanolic solution of N, N'- 
dicyclohexylethane-1, 2-diamine (10 gm in 25 ml of methanol) was added to the 
filtrate dropwise over 30 minutes to adjust the pH of the solution to 6.5 -7.0 at 35 
°C and stirred for 30 minutes. The resulting slurry was stirred for 15 - 20 minutes at 

■ 

33-35 °C, cooled to 25 °C, and stirred for 30 minutes. The product thus obtained 
*ag fitted, washedwith 100 ml of acetone and dried at 35°C under vacuum fir 3- , 
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4 hours to get the 36.0 gm of N, N'-dicyclohexylethane-l, 2-diammonium 7P-[2-(2- 

amino-4-thiazolyl)-2-(Z-hydroxyi^^ 

(HPLC purity < 98%). 

Example: 6 ,~.i> ^yx***.**^*-^*^** 

Preparation of N^N'-dicyclohexylethane-l,2-diammonium 7fl-[2-(2-ammo-4- 
thiazolyl)-2-(Z-hydroxyimino)ace^ from 
dicyclohexylammonium 7P-[2-(2-amino^thia2olyl>2^Zrtrityloxyimino) acetamido]- 
3-vinyI-3-cephem-4-carboxylate 

A mixture of dicyclohexylammonium 7P-[2-(2-amino-4-thiazolyl)-2-(Z- 
trityloxyimino) acetamido]-3-vinylr3-^h$m 7 4-carbo^ gm) and 2.5 gm of 

activated carbon was added to a mixture of acetonitrile (150 ml) and water (21 ml) 
and heated to 50 °C. The reaction mixture was heated to 60-62 °C in 20 minutes, 
hydrochloric acid (34 ml, l:lv/v) and maintained at 65-67 °C for 35 minutes. At 
36 th minute, a chilled mixture of 300 ml of acetone and isopropanol having 
temperature -15 °C was added to the reaction mixture to reduce the temperature to 

* 

30-35 °C. The carbon was filtered and the carbon bed was washed with acetone 
(100 ml). A methanolic solution of N,N'-dicyclohexylethane-l ^-diamine (10 gm in 
25 ml of methanol) was added to the filtrate dropwise over 30 minutes to adjust the 
pH of the solution to 6.5 -7.0 at 35 °C and stirred for 30 minutes. The resulting 
slurry was stirred for 15 - 20 minutes at 33-35 °C, cooled to 25 °C, and stirred for 
30 minutes. The.product thus obtained^was filtered, washed with 100 ml of acetone 

' • J'- -' .'- ' ■'.*«" v "* 

and dried at 35°C under vacuum for 3-4 hours to get the 42.0 gm of N,N'- 
(Mcyclohexylethane- 1 ,2-diammomum 
hydroxyimino)acetamido]-3-vinyl-3-cephem-4-carbo^ 
Example 7 

N 9 N'-Diisopentylethylenediamine salt of 7-D-mandelamido-3-(((l- 
sulfomethyl-iJT-tetrazol^ 

acid . , 
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7-amino-3-(l-sulfomethyl-^ acid 
(25 g) was dissolved in water (1 10 ml) using sodium bicarbonate (4 g) at 0-5°C in 
2.0 hrs , 0-formylmandeloyl chloride (12.5 g) was added at 0-5°C and maintained at 
5-10°C over a period of 0.5-1:0 hours;* 'After theeoinpletion of reaction, the 
reaction mixture was acidified with cone. HC1 (15-16mL) and maintained the 
reaction at 28-30°C for about 2-3 hrs. To the reaction mass , mixture of Methylene 
dichloride and Tetrahydrofiiran are charged and separated the aqueous layer. 
Aqueous layer pH was adjusted to 4.0 using 15 % ammonia solution at 28-30 "C 
for a period of 0.5-1.0 hour .The reaction mass solution was added to a solution of 
N^'-diisopentylethylenediaTnin^ diacetate (20.2 i /g)^iri > water (88 mL) in presence of 
Tetrahydrofiiran and stirred well at 25-30°C for about 2-3 hours. The reaction 
mixture was cooled to 5-10°C, filtered, washed with chilled water (0-5°C) and dried 
the material at ~ 40 °C to get N^N'-diisopentylethylenediamine salt of 7-D- 
mandelaimdo-3-(((l-sulfomethy^ 
carboxylic acid (38 g). 
Example 8 

N^'-(p-tolyl)ethylenediamine salt of 7-D-mandelamido-3-(((l- 

sulfomethyW/F-tetrazol-S^ 

acid 

7-amino-3 -( 1 -sulfomethyl- lH-tetrazol-5 -yl)thiomethyl-3 -cephem-4-carboxylic acid 
(25 g) was dissolved in water (1 10 ml) using sodium bicarbonate (4 g) at 0-5°C in 
2.0 hrs , O^fqraiy^ (12.5 g) was added at 0-5°C and maintained at 

5-10°C over a period of 0.5-1.0 hours. After the completion of reaction, the 
reaction mixture was acidified with cone. HQ (15-16mL) and maintained the 
reaction at 28-30°C for about 2-3 hrs. To the reaction mass , mixture of Methylene 
dichloride and Tetrahydrofiiran are charged and separated the aqueous layer. 
Aqueous layer pH was adjusted to 4.0 using 15 % ammonia solution at 28-30 °C 
for a period of 0.5-1.0 hour .The reaction mass solution was added to a solution of 
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N,N'-(p-tolyl)e1hylenediamine diacetate (23 g) in water (92 mL) in presence of 
Tetrahydrofuran and stirred well at 25-30°C for about 2-3 hours. The reaction 
mixture was cooled to 5-10°C, filtered, washed with chilled water (0-5°C) and dried 
the material at ~ 4G n G'~te'*get > :N?N ! ^ salt of 7-D- 

mandelamido-3-(((l -sulfomethyl- 1 H-tetrazol-5-yl)lhio)methyl)-3-cephem-4- 
carboxylic acid (38 g). 
Example 9 

Preparation of 7P-[2-(2-amino-4-thiazolyl)-2-(Z-hy droxy imino)acetamido] -3- 
vinyl-3-cephem-4-carboxyIic acid (cefdinir) 

Step-i Preparation of rCJ*I ? Dic*:doai^ salt of 7342 l2-amino-4- 

tMazolylV2-(Z-hvdroxyi)^o)acetamidol-3-^^ acid 

(Cefdinir -PDA) 

To a chilled suspension of 7-amino-3-vinyl-3-cephem-4-caiboxylic acid (50 gm) in 
a mixture of tetrahydrofuran (250 ml) and water (31.5 ml), triethylamine (45 gm) 
was added drop-wise at 20±2 °C over 30-45 minutes. 2-mercaptobenzothiazolyl 
(Z)-(2-aminothia2»l-4-yl)-2-(trityloxyimino)acetate (130 gm) was added to the clear 
solution and the resulting mixture was stirred at 32 ±2 °C for 4-6 hours. The 
reaction was monitored by HPLC .After the completion of reaction, THF was 
completely removed under vacuum at 28-30°C. To the concentrated mass, acetone 
(300mL) was added and stirred at 30 °C, 1:1 Hydrochloric acid (200mL) was added 
and the. temperaturevwas raised4o 63-64 °C. At this temperature, it was refluxed for 
about 35 min and then cold acetone of 1.8 Litre dumped to the reaction mass to 
bring down the temperature to 30 °C, EDTA (0.5g ) was added and stirred for 10 
min at 30-35°C, pH of the solution was adjusted to 2.5 using Triethyl amine 
(lOOmL) at 30-35 °C .To the reaction mixture hot solution of N,N > - 
Dicyclohexylethylenediamine ( DDA) 40.0g in Isopropyl alcohol (lOOmL) was 
added slowly to adjust the pH of the solution 5.5 and stirred for 1.0 hour at 30-3 5°C 
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. The precipitated material was filtered, washed with acetone and dried under 

vacuum at at ~ 40°C to get N^-Dicyclohexyle%lenediainine salt of 7^[2-(2' 

aituno^-thia2»lyl)-2-(Z-hy 

acid.^ W< ~ A ^ ' 

Step-li 

Preparation of Cefdinir from Cefdinir -PDA 

Cefdinir -DDA (lOOg) was stirred in a mixture of acetone (200mL) and water 
(3.0 Lt) at 35-38°C,pH of the solution was adjusted to 1.5 using 1: 1 HC1 in 5-10 
minutes then pH of the solution was readjusted to 6.0 using aqueous ammonia 
solution (70 mL) at 35-38, °C l^iA^e^sultiiJg solution, carbon, (I Og) was added 
stirred for 20 -25 minutes and filtered. pH of the clear filtrate was adjusted to 2.5 
with 1:1 hydrochloric acid (50mL) to precipitate Cefdinir. The precipitate was 
stirred for 3.0 hrs at 30-35°C, filterd and washed the wet cake with water (500mL). 
Wet material is dried under vacuum to get 46.0 g of Cefdinir. 
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We claim: 

1 . A compound of general formula (D) 



HR2 

R1 — CO-N j c 



COOH 
(II) 

where n=0.5 to 2 



(pi change and include suffix) wherein Ri represents 






• s -n H 2 N— 4 I 




NC, 



COOZ CH 3 



R4 represents hydrogen or -CHO group, R2 represents hydrogen or methoxy group, 

■ 

R3 represents hydrogen, -CH 3 , -CH 2 OCOCH 3 , -CH=CH 2> -CH 2 -0-CO-NH 2 , 
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Z represents hydrogen,C i_6 alkyl , substituted or unsubstituted aryl. 

wherein R 5 represents hydrogen, trityl, CH 3 , CRaR^COORc where R a and Rt 

independently represent hydrogen or methyl and R^ represents hydrogen or (Ci- 

C 6 )alkyl. 



M represents the formula 




wherinJtLRl and R3 are defined as above . 

wherein R6, R7 may be identical or different and are each, independently of one 
another, represent a linear or branched alkyl having 1 to 8 carbon atoms or together 
with the C atom to which they are bound form a 5- to 8- membered saturated ring 
which may be further substituted or substituted aryl ring;. 



2. A compound as claimed in claim 1, wherein the compound is 



WO 2006/006040 PCT/IB20OS/0OUNM 

20 




.nM 



(III) 

where n =0.5- 2 

wherein M represents N,N'-Diisobu1ylethylenediamine, N,N' 
DicyclohexyUethylenediamine , N,N*- Di-(p-anisyl)lethylenediamine, N,N 5 

l.\ * *— i »y "•»»' "It**";.* ■*.».«-.» • • - ■ • 

Dicyclopentylethylenediamine and N,N'- (p-tolyl)Iethylenediamine . 
3. A compound as claimed in claim 1, wherein the compound is 




where n =0.5 to 2 
wherein M is as defined in claim (2), 

4. A compound as claimed in claim 1, wherein the compound is 




where n =0.5 to 2 



wherein M is as defined in claim (2). 
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5. A process for the preparation of compound of formula (II), which comprising the 
steps of : 

i) condensing the compound of the formula (VI) 

COOH 1 

(VI) (vii) 
with compound of the formula (VII) wherein Y is a group which forms a basis that 
a compound of formula (VII) is in a reactive form ; including halogen, or a group 
which forms^together witihuthe -C=0 group to wbjch Y is attached an active ester, 
and a group which forms together with the -C=0 group to which Y is attached a 
mixed anhydride in the presence of a base and solvent to produce the compound of 
formula (VIE), and 

HR2 

R1— -CO-N: c 

cooh (vm) 



ii) treating the compound of formula (VIII) with compound of formula (M) to 
produce the compound of formula (II). 

6. The process according to claim 5, wherein M is selected from N,N'- 
Diisobutylethylenediamine , N,N'- Dicyclohexylethylenediamine or N,N'- Di- 
(p-anisyl)lethylenediamine. 

7) The process according to claim 5, wherein the base used in step (i) is selected 

« 

from sodium hydroxide, sodium acetate, potassium hydroxide, ammonium 

hydroxide,sodium carbonate, potassium carbonate, sodium bicarbonate 

triethylamine, diethylamine, tributylamine, pyridine, N-methylanilines, N- 
methylmorpholine and mixtures thereof. 
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8) The process according to claim 5, the solvent used in step (i) is selected from 
ethanol, methanol, isopropanol, THF, cyclohexanol, acetonitrile, DMAc, DMF, N- 
methyl pyrrolidine, ethyl acetate, methylene dichloride, ethylene dichloride, 
acetone toliisne, tetrahydrofuran, xylene, water or mixtures thereof. 

9) A process according to claim 6, further comprising converting the compound of 
formula (II) into compound of formula (I) by dissolving the compound of formula 
(II) in a mixture of organic solvent followed by treating the clear solution with an 
acid or with sodium exchanging reagent to produce the compound of formula (I). 

10) The process of claim 9, wherein the sodium exchanging reagent is selected from 
sodium .^cdtatef-sddiuin .citxate, sodium lactate, sodium ethylacetoacetate and 
sodium 2-ethylhexanoate and the solvent used for dissolving sodium exchange 
reagent is selected from ethanol, methanol, isopropanol, acetonitrile, ethyl acetate, 
acetone, water or mixtures thereof. 

11) The process of claim 9, wherein the acid is selected from HC1, sulfuric acid, 

* 

formic acid, acetic acid, perchloric acid, benzenesulfonic acid, p-toluenesulfonic 
acid, naphthalenesulfonic acid, methanesulfonic acid, trifluoro acetic acid,cationic 
exchange resin selected from UBK530,UBK 535,UBK 550,UBK 555 ,PK 220, 
PK228,PK216 resin or mixtures thereof. 



